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1 .0  INTRODUCTION 
Temperature measurements on Gemini-Titan I were recorded by t he  
Manned Spaceflight Network and t he  At lant ic  Missile Range tracking 
s t a t i ons  during the  f i r s t ,  second, t h i r d ,  and fourth o r b i t a l  passes; 
however, only data recorded a t  the  Cape Kennedy Telemetry Building I1 
(TEL 11) were available f o r  evaluation during the  preparation period 
of the  Mission Report f o r  GT-1. Orbi ta l  temperatures from the  tracking 
s t a t i ons  i n  Hawaii, California,  Canary Is lands ,  and Carnarvon, have 
been received and analyzed and the  r e su l t s  are  presented here as a 
supplemental report  t o  the  Mission Report f o r  GT-1. 
2 .0 INSTRUMENTATION 
The Gemini-Titan I Spacecraft was extensively instrumented with 
thermocouples fo r  measurement of launch and o r b i t a l  temperatures. 
Launch temperatures a re  presented i n  the  Gemini-Titan I Mission Report. 
Figures l ( a )  and l ( b )  show the  locat ions  of the  thermocouples over the  
upper and Lower halves of t he  spacecraft .  Typical outer  skin thermo- 
couples were chosen from each sect ion of the  spacecraft f o r  presentation.  
The thermocouples chosen a re  as  follows: Cabin section,  ~ ~ 0 6 ,  ~ ~ 4 6 ,  
PD50, and PD52; reen t ry  control  system section,  PC07 and PC15; rendezvous 
and recovery section,  ~ ~ 1 4  and PB05; adapter sect ion PF11, ~ ~ 0 6 ,  and PGl7 
They were located on the  ins ide  surface of the  spacecraft shingles and 
on the  inner surface of the  adapter skin as  shown i n  f igure  2. The 
time of passing over each s t a t i on  during each o rb i t ,  i s  shown i n  t ab le  
I, and was used t o  p l o t  the  graphs. 
3.0 TEMPERATURE DISTRIBUTION AND ANALYSIS 
Figures 3 through 6 present the  o r b i t a l  temperature d i s t r ibu t ions  
fo r  a l l  sections of the  GT-1 spacecraft .  The cabin sect ion showed the  
highest  temperature excursions, a s  the  maximum values occurred on the  
upper l e f t  sideoof the  gpacecraft between Z = 130.7 and Z - 158.6 and 
ranged from 200 t o  240 F. The reentry  control  system sect ion averaged 
120 F while the  rendezvous and recovery system section averaged t e q e r a -  
t u r e s  of 180' F during the  three  complete o r b i t s .  The adapter section 
0 
temperature during the f i r s t  o r b i t  averaged approximately 85 F. Adapter 
temperatures during the  subsequent o r b i t s  were not recoverable from the  
recorded data .  The ac tua l  temperatures, a t  any locat ion i n  the  spacecraft ,  
were indeterminate when the  indicated temperature value was equal t o  the  
value of the  reference temperature a t  the  time of measurement. A tempera- 
t u r e  l ag ,  due t o  the  heat capacity of the  spacecraft  s t r uc tu r a l  materials  
i s  indicated i n  f igures  3 through 5.  
Figure 3a through 3d shows t he  d i s t r ibu t ion  fo r  selected external  
temperatures f o r  the  cabin sect ion of t he  GT-1 spacecraft during o rb i t s  
1, 2,  3, and 4. It i s  seen t h a t  f o r  t he  4 thermocouples shown i n  f igure  
3 a cycl ic  var ia t ion  i n  temperature i s  present during o rb i t s  1, 2, 3, 
and pa r t  of the  four th  o rb i t .  The var ia t ion  was caused by the  a l t e rna t e  
exposure of t he  spacecraft  t o  t h e  sunq s l i g h t  and t h e  earth" shadow a s  
it moved along i ts  o rb i t .  Scat ter  of recorded temperature data  indicates  
t h a t  degradation of some of the  instrumentation had taken place during 
the  l a t t e r  o r b i t a l  passes. Data recorded during each pass was character- 
ized by s c a t t e r  averaging about 15 percent. Single sensor trends during 
some o r b i t a l  passes over a s t a t i on  were evident, b u t t h e s e  trends could 
not be e f fec t ive ly  corre la ted with o r b i t a l  t rends from the  recorded data.  
This was due t o  s c a t t e r  i n  the  data  and the  changing a t t i t udes  of the  
vehicle with respect  t o  t he  sun. The data  a r e  therefore  reported as 
average data .  For a l l  cabin sect ion thermocouples plot ted,  the  peak of 
t he  s inusoidal  curve occurred during t he  California-Tel I11 passes f o r  
o rb i t s  2 and 3, while t he  pass over Canary produced t he  highest  tempera- 
t u r e  f o r  o r b i t  1. The pass over Carnarvon produced the  lowest tempera- 
tu res  f o r  each o r b i t  f o r  a l l  thermocouples, the  value being at  or below 
the  reference temperature of 75' F. The highest  temperatures measured 
on t he  cabin sect ion occurred on t he  upper l e f t  s ide  of t he  spacecraft  
and were i n  the  range of 200' - 240' F, as indicated by PD52. ~ ~ 4 6  a l s o  
showed a high temperature of 235' F i n  o rb i t ,  probably s t i l l  influenced 
by t he  high temperature incurred during launch heating. There appears t o  
be no s ign i f ican t  difference i n  heating among orbi ts ;  t h a t  is, tempera- 
tu res  f o r  each thermocouple average t h e  same f o r  each o rb i t .  
3.2 F8ENTRY CONTROL SYSTEM SECTION 
Figure 3 shaws the  d i s t r ibu t ion  of se lected ex te rna l  temperatures 
f o r  the  RCS sect ion of t he  GT-1 spacecraft  during o rb i t s  1, 2, 3, and 4. 
Again, it i s  seen t h a t  a reasonable cycl ic  var ia t ion  i n  temperature i s  
present during t h e  traversed o rb i t s .  Sca t te r  i n  temperature data  f o r  t h e  
RCS sect ion was of t h e  order of 15 t o  20 percent. Peak temperatures f o r  
o rb i t s  2, 3, md 4 were over Tel  111, while the  highest  temperature 
recorded f o r  t he  RCS section,  as on the  cabin section,  w a s  over Canary 
during t he  f i r s t  o rb i t .  The pass over Carnarvon and H a w a i i  produced the  
lowest temperatures for  each o rb i t  f o r  a l l  thermocauples, t h e  value being 
a t  or  below the  reference temperature of 75' F. PC15 measured t h e  highest  
temperature on t he  RCS sect ion (150' F)  during t he  f i r s t  o rb i t .  There 
appeared t o  be a s l i g h t  t rend i n  heating among orbi ts ;  t h a t  i s ,  tempera- 
tu res  on t h e  RCS sect ion averaged s l i g h t l y  higher i n  o rb i t  1 and slowly 
decreased through o r b i t  4. 
3.3 REavDEZVWS AND RECOVERY SECTION 
Figure 4 shows t he  d i s t r ibu t ion  of se lected ex te rna l  temperatures 
f o r  the  R and R sect ion of t he  GT-1 spacecraft  during o rb i t s  1, 2, 3, 
and 4. The R and R sect ion shows charac te r i s t i c  cycl ic  var ia t ion i n  
temperature during the four orbits. Temperature data scatter was similar 
to that noted on the spacecraft sections previously discussed (approximately 
15 percent). The data show peak R and R section temperatures occurring 
over Cape Kennedy for each orbit, with the exception of orbit 2 during 
which temperatures peaked over the Canary Islands, The highest tempera- 
tures for the R and R section were recorded from sensors PB14 and PB15. 
PB14 was plotted as typical and indicated a maximum temperature on the 
order of 200° F. Temperature data from Carnarvon and Hawaii resulted in 
the lowest temperatures for each orbit. All thermocouples recorded 
0 
values at or below the reference temperature of 75 F. A very slight 
decrease in temperatures from orbit 1 through orbit 4 for the R and R 
section is noticeable. 
Figure 5 shows the distribution of selected external temperatures 
for the adapter assembly of the GT-1 spacecraft during orbits 1, 2, 3, 
and 4. During orbit 1, the adapter assembly thermocouples reached a 
high of between 120' and 130' F at the separation fairing located between 
the retrograde and equipment adapters. After orbit 1, the adapter 
assembly thermocouples remained at a level at or below the reference 
temperature of 75' F. 
TABLE I 
TELEMETRY GROUND STATION COVERAGE 
USED FOR REDUCTION OF ORBITAL TEMPEFVkTURE DATA 
STATION ORBIT 1 ORBIT 2 ORBIT 3 ORBIT 4 
r 
Canary ( C Y I )  0: 13: 20-0: 20: 50 1: 47: 30-1: 54: 10 
Hawaii (HAW) 2: 50: 50-2: 56: 40 4: 24: 10-4: 30: 50 
California (CAL) 1: 28: 00-1: 31: 20 3:Oo:OO-3:06:40 4: 33: 20-4: 40: 50 
TEL I11 (TIII) 1: 34: 10-1: 40: 00 3: 08: 20-3: 15: 50 4: 42: 30-4: 50: 00 
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FIGURE 1 THERMAL INSTRUMENTATION 
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Figure 2 Typical  thermocouple instol lat ions 
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Figure 3 Continued 


Figure 4 RCS assembly orbital temperatures 
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Figure 6 Adapter assembly orbital temperatures 
